Background: Acquired immunodeficiency syndrome (AIDS) caused by human immunodeficiency virus (HIV) is an important health concern worldwide, and AIDS-related morbidity and mortality have seen a sharp decline due to the introduction of highly active antiretroviral therapy (HAART). To address the problems of high cost, poor compliance, lack of awareness, social stigma, and occurrence of adverse effects in India, National AIDS Control Organization (NACO) has organized a simplified drug regimen with regular monitoring, counseling, and follow-up by specially trained personnel with necessary laboratory facilities and infrastructure.
Introduction
Acquired immunodeficiency syndrome (AIDS) caused by human immunodeficiency virus (HIV) is a major global health problem, affecting nearly 33.3 million people worldwide, with an adult incidence of about 30.8 million. The current HIV prevalence in India is 0.31% of the adult population (23.9 lakhs), of which 39% are women and 3.5% are children, and most infections occur through heterosexual route of transmission. [1] The global approach to the problem of HIV/AIDS is mainly to reduce transmission by improving public awareness through proper health education, to reduce morbidity and mortality by effective therapy, and to minimize the socio-economic impact. The use of highly active antiretroviral therapy (HAART) has led to a dramatic decline in AIDS-related morbidity and mortality, and has helped control viral replication and prevent the possibility of rapid emergence of permanent drug resistance. Although HAART does not cure HIV infection, it decreases viral load and improves the immunological status. However, HAART involves a high cost, lifelong therapy, and occurrence of adverse effects. In this regard, Government of India constituted National AIDS Control Organization (NACO) in 1992 and launched a scheme providing free ART from April 2004.
The aim of this study was to assess the efficacy of the NACO-recommended HAART regimen in subjects with HIV in the south Indian population.
Materials and Methods
This prospective study was conducted at the ART Center at Kempegowda Institute of Medical Sciences, Bangalore. The study conformed to the ICH-GCP guidelines and the Declaration of Helsinki, and was approved by the institutional ethics committee and NACO.
Study design
This study was conducted between January 2010 and June 2011 with purposive sampling, involving 158 subjects who received HAART. Subjects of either gender aged between 18 and 65 years with confirmed HIV infection (as screened by a rapid immunoassay test [TRI-DOT] and further confirmed by ELISA using two types of antigens recommended by NACO) were included in the study. WHO clinical staging of stages I and II (CD4 counto350 cells/mm 3 ) and stage III (irrespective of CD4 count) was performed. Subjects already on HAART, asymptomatic subjects with CD4 count4350 cells/mm 3 , pregnant and lactating women, subjects with preexisting severe opportunistic infections (WHO stage IV), and subjects who may not be available for regular follow-up such as migrants and nomadic tribes were excluded.
Written informed consent was obtained from all the study subjects after fully explaining the details of the study, in both English and vernacular, to their satisfaction, after assuring them of complete anonymity, confidentiality, and professional secrecy.
Study procedure
Demographic data, clinical history, relevant clinical data, and results of laboratory investigations were recorded. Study subjects received HAART as per the NACO guidelines, consisting of zidovudine (AZT) (300 mg BID)/stavudine (d4T) (30 mg BID)+lamivudine (3TC) (150 mg BID)+nevirapine (NVP) (200 mg OD)/efavirenz (EFV) (600 mg OD). All these drugs were used as fixed-dose combinations and subjects were advised to take medications after meals to avoid gastric irritation; however, EFV was administered separately whenever used, the preferred initial therapy being based on hemoglobin (Hb) status and liver function tests. AZT was substituted by d4T in subjects with Hb%o8 g, and NVP was substituted by EFV in subjects with clinical hepatitis/raised ALT (45 times the upper normal limit). Any further change in the regimen or drug substitutions was also recorded. In subjects receiving NVP, dose was increased from 200 mg OD to 200 mg BID after 2 weeks in the absence of any occurrence of rashes. All the study subjects received cotrimoxazole prophylaxis (960 mg OD) from baseline till the CD4 count increased to 4350 cells/ mm 3 . In addition, subjects with mild opportunistic infections such as diarrhea and respiratory tract infections also received cotrimoxazole (960 mg OD) for 5-7 days. All ARVs were supplied free of cost to the subjects by NACO.
The efficacy of HAART was assessed by treatment response based on CD4 count; total lymphocyte count; and clinical improvement assessed in terms of general health, weight gain, functional status, and improvement in WHO clinical staging. Opportunistic infections occurring during the course of therapy and the treatment instituted for the same were also recorded.
For subjects receiving AZT, Hb% was estimated for early detection of anemia, and for those receiving NVP, alanine aminotransferas (ALT) levels were assessed for any evidence of hepatitis at 2, 4, 8, and 12 weeks.
Subjects receiving HAART were monitored and counseled at regular visits, initially after 2 weeks (to consider escalation of nevirapine dose in the absence of any intolerance), followed by monthly visits up to 24 weeks. Follow-up was extended beyond 24 weeks for subjects who were lost to follow-up during the last 12 weeks of the follow-up period. Medications were dispensed to subjects directly with proper instructions and counseling. Outreach field workers were also employed to assist the subjects from remote or rural areas.
Statistical analysis
Data collected were analyzed by using descriptive statistics, namely, mean, standard deviation (SD), standard error of mean (SEM), t-test, and confidence intervals (CIs), for quantitative variables using SAS 9.2 and SPSS 15.0 programs.
Results
A total of 158 subjects were recruited for the study [men = 103 (65.18%), women = 55 (34.82%)]. The mean age of the study subjects was 36.13 ± 8.52 years and majority of the study subjects (n = 130, 82.27%) were aged between 26 and 45 years. Antiretroviral drugs were used in combination, consisting of two nucleoside reverse transcriptase inhibitors (NRTIs) and one non-nucleoside reverse transcriptase inhibitor (NNRTI), as per the NACO guidelines ( Table 1 ). The NRTIs included AZT, 3TC, and d4T, whereas NNRTIs included NVP and EFV.
The preferred initial regimen or first-line option recommended by NACO was AZT+3TC+NVP (n = 148, 93.7%). [2] However, at the baseline visit, AZT was required to be substituted by d4T because of anemia (n = 6, 3.8%) and NVP TLC CD4 count was to be substituted by EFV (n = 4, 2.5%) because of its nonavailability in NACO supply. The dose of NVP was increased from 200 mg OD to 200 mg BID after 2 weeks, except in one subject who developed Stevens-Johnson syndrome (SJS) within a week after treatment initiation. During subsequent follow-up visits, some subjects under AZT-based regimen were shifted to d4T-based regimen because of development of anemia (Table 1) . Six subjects under NVP-based regimen who developed SJS (n = 5, 3.2%) and hepatitis (n = 1, 0.6%) were also shifted to EFV-based regimen. At the end of 24 weeks, only 51 subjects (32.3%) were under AZT+3TC+NVP regimen, 27 subjects (17%) were under d4T-based regimen, and 62 subjects (39.2%) were under EFV-based regimen. Twenty-one (13.3%) subjects were not available for follow-up, of which nine subjects (5.7%) were known to be deceased. The majority of the subjects (n = 148, 93.67%) were without any comorbid illnesses. Medications used for comorbid conditions included atenolol (n = 2, 1.3%), furosemide, atorvastatin+clopidogrel+furosemide, atorvastatin+clopido-grel+metoprolol+ISDN, glibenclamide+metformin, human insulin, L-thyroxine, pantoprazole, and telmisartan+HCTZ+ metformin (each n = 1, 0.6%). Table 2 shows the treatment outcome based on improvement in WHO staging and clinical parameters at the end of 24 weeks. With regard to treatment outcome, the number of subjects with stage III according to WHO staging was reduced from 30 (19%) at baseline to 11 (7%), and that of subjects with stage II reduced from 66 (41.8%) at baseline to 8 (5%), whereas that of subjects with stage I at baseline increased from 62 (39.2%) to 119 (75.3%) after 24 weeks, indicating a decrease in the severity of the illness. However, two subjects progressed to stage IV after 24 weeks. Although there was very little improvement (4.67%) in mean body weight at the end of 24 weeks, the mean improvement in body weight appeared to be more significant in AZT+3TC+NVP-treated (8.71%) and d4T+3TC+NVP (15.24%)-treated subjects. There was little overall improvement in the functional status, and two subjects became bedridden.
The improvement in the total lymphocyte and CD4 counts is shown in Tables 3 and 4 , respectively. Table 5 summarizes the overall outcome of HAART at the end of 24 weeks. Tables 6-8 show the statistical significance of the TLC and CD4 count. Only 49 subjects (31%) received the AZT+3 TC+NVP regimen throughout the study.
A total of 585 adverse events related to HAART were reported at various time intervals during the study period. They included anorexia (n = 35, 7.4%), fatigue (n = 74, 15.6%), gastritis (n = 18, 3.8%), giddiness (n = 25, 5.3%), headache (n = 52, 11%), myalgia (n = 10, 2.1%), nausea (n = 133, 28.1%), skin rashes (n = 74, 15.6%), skin/nail hyperpigmentation (n = 23, 4.9%), vomiting (n = 22, 4.6%), and weakness (n = 71, 15%). Other adverse events included leg pain, mouth ulcers, depression (each n = 7, 1.5%), drowsiness and insomnia (each n = 6, 1.3%), palpitations and fever (each n = 5, 1.1%), bad dreams (n = 3, 0.6%), icterus (n = 2, 0.4%), and hair loss and itching (each n = 1, 0.2%). Serious adverse events included severe anemia (n = 14, 3%), SJS (n = 5, 1.1%), and hepatitis (n = 1, 0.2%). Nine deaths occurred during the study period and were probably due to the natural progression of the disease (n = 8, 1.7%) and due to LRTI, hepatitis, and acute gastroenteritis (n = 1, 0.2%).
Opportunistic infections occurred only in 51 study subjects (32.3%), the commonest being oral candidiasis, respiratory tract infections, and pulmonary and extrapulmonary tuberculosis, which responded to specific therapy.
HAART substitutions had to be initiated 103 times during the study period.
Concurrent medications during the HAART were used for intercurrent illnesses or for symptomatic relief of side effects and complications, only for a specific duration. The most commonly used medications were iron and B-complex preparations, H 1 blockers (cetirizine, chlorpheniramine), analgesics/non-steroidal anti-inflammatory drugs (paracetamol, diclofenac), antiemetics (metoclopramide, domperidone), an H 2 blocker (ranitidine), an anthelmintic *All subjects were considered for calculation based on intent-to-treat criteria.
w Indicative of the percentage of shift i.e., inclusion into/removal from the group. (albendazole), a glucocorticoid (prednisolone), and a herbal remedy (Liv-52).
Discussion
HAART was initiated according to the NACO guidelines using a combination of three drugs, including two NRTIs and one NNRTI. PIs were not included because of their complex dosing schedule, frequent adverse effects, and drug interactions. [3] [4] [5] The initial option for all patients was AZT+ 3TC+NVP. In subjects with anemia, AZT was substituted by d4T and in the event of non-availability, skin reactions, or hepatic dysfunction, or possible drug interactions, NVP was replaced by EFV.
Subjects with comorbid conditions received appropriate therapy throughout the study period without any interruption or change. None of the medications used to manage the comorbid illnesses were known to produce any clinically significant drug interactions with antiretrovirals (ARVs) used or to alter the choice of therapy.
Although there was an overall clinical improvement, there was little improvement in the body weight and functional status of the study subjects, probably because of the limited observation period of 24 weeks. However, there was good improvement in the mean CD4 count, with 28.05% of the subjects showing an increase of 4350 cells/mm 3 .
Even though there was no alteration in the mean TLC at the end of 24 weeks, the number of subjects showing lymphocytosis increased from 1 (0.6%) at baseline to 29 (18.4%) after 24 weeks, probably due to concurrent infections occurring during this period and also because of improvement in the immune status. The mean CD4 count improved from 152.58 ± 67.13 at baseline to 307.76 ± 138.87 after 24 weeks. There was a significant decrease in the number of subjects with CD4 counto200 cells/mm 3 from 111 (70.3%) at baseline to 35 (22.2%) after 24 weeks. The number of subjects with a CD4 count of 200-350 cells/mm 3 increased from 47 (30%) at baseline to 60 (38%) after 24 weeks, and in 45 subjects (28.48%) the CD4 count increased to 4350 cells/mm 3 (Po0.01). Unlike reports from other studies, there was little improvement in the TLC. Other studies have reported significant improvement in subjects with a baseline CD4 count of 200-350 cells/mm 3 , although with less significant improvement in those with baseline CD4 counto200 cells/ mm 3 , in spite of continued therapy up to 2 years, and even with change to boosted or unboosted PI-based therapy. [6] [7] [8] [9] This may probably be because of infection with resistant/ mutant HIV strains and also because of severe opportunistic infections. There was a significant improvement of CD4 count under the AZT+3TC+NVP regimen (Po0.001), with little change in the TLC (P = 0.084). Only two subjects deteriorated to WHO stage IV despite improvement in CD4 count. Other studies have reported significant improvement in body weight but deterioration in WHO staging and functional status in spite of longer duration of therapy, which may probably be because of inclusion of subjects with late/advanced stages (WHO stage IV) with very low CD4 counts (o200 cells/ mm 3 ). [10, 11] Out of 158 subjects included in the study, only 137 (86.7%) were available for follow-up monitoring at the end of 24 weeks. However, all subjects were considered for the analysis based on the intention-to-treat criteria. There was a significant clinical improvement as indicated by WHO clinical staging, but there was little improvement in the functional status. [12] The ARVs used in the present study were generally well tolerated, producing only mild, self-limiting adverse events not requiring discontinuation of therapy, and were managed by reassurance and symptomatic therapy.
Drugs that were used to manage opportunistic infections did not have any interactive potential with the study drugs and they did not alter the ongoing course of the ART. There was no correlation between the baseline CD4 count and the occurrence of opportunistic infections. None of the subjects developed Pneumocystis carinii pneumonia (PCP) probably because of cotrimoxazole prophylaxis. Substitutions in HAART regimen were made mainly because of intolerable adverse events or possible drug interactions with the drugs used for opportunistic infections (n = 40, 25.3%), or because of non-availability of the NACOsponsored drugs (n=63, 40%). Twenty-six subjects (16.5%) under initial therapy with AZT-based regimen were moved to d4T-based regimen because of anemia; six subjects (3.8%) under NVP-based therapy changed to EFV-based regimen because of SJS (n=5, 3.2%) and hepatitis (n=1, 0.6%); and seven subjects (4.4%) with newly diagnosed tuberculosis were moved from NVP-to EFV-based regimen to avoid interaction with rifampicin. NVP was also substituted by EFV when the former drug was out of NACO supply. In other studies, similar patterns of HAART substitutions have been reported [13] [14] [15] [16] [17] . The drawbacks of the study included limited period of observation and follow-up, and exclusion of subjects with advanced stages of the disease or with severe opportunistic infections, and subjects belonging to special risk groups such as pregnant women, children, and elderly subjects (465 years).
Conclusion
The present study indicates that the NACO-recommended HAART involving two NRTIs and one NNRTI has shown good efficacy in overall clinical improvement, increasing the CD4 count and preventing opportunistic infections. This is in spite of the limited observation period and follow-up of 24 weeks. The drugs showed good tolerability, with mild, tolerable, self-limiting, and controllable adverse effects. However, serious adverse events, requiring hospitalization and specific interventional therapy, also occurred. Cotrimoxazole prophylaxis has also contributed in preventing opportunistic infections like PCP.
More elaborate studies using HAART regimens other than the NACO-sponsored regimen, such as the recent WHO-recommended regimen involving FTC+TDF+EFV in OD dosing and involving subjects with advanced stages of disease from all age groups, are worth undertaking for generating more useful updated information that may further improve the quality of care.
